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OBJECTIVE: Sierra Leone (SL), in West Africa, with a population of over 7.5 million people has suffered the effects of a civil war
previously, and more recently Ebola & Covid-19. Dental care is very limited, mostly in the capital Freetown and the private sector.
No dental education is available in the country. The objective of this research was to investigate the oral health needs of
schoolchildren at key ages, to inform future action.
MATERIALS AND METHODS: This first national oral health survey of schoolchildren at 6-, 12- and 15-years was conducted in urban
and rural settings across all four regions using a multi-stage cluster sampling in line with the WHO guidelines, adapted according to
contemporary survey methods to include ‘International Caries Detection and Assessment System (ICDAS)’. Whilst parents were
invited to complete a questionnaire for 6-year-old children, 12- and 15-year-olds self-completed a questionnaire. Data were
weighted according to age and regional population and analysed using STATA v.15 and SPSS v.22.
RESULTS: A total of 1174 children participated across 22 schools from all four regions. Dental caries was prevalent (over 80% of all
age-groups having clinical decay; ICDAS score ≥ 2) and largely untreated. No children had fillings and only 4% had missing teeth.
Amongst 6, 12 and 15-year-olds, average decay levels at ICDAS > 3 threshold was 3.47 (primary teeth), 2.94 and 4.30 respectively.
Almost, 10% (n= 119) of all children reported experiencing pain in their teeth with 7% (n= 86) children having PUFA lesions
present. At least one in five children required one or more dental extractions. ‘Age’ was a significant predictor of dental caries
experience and the odds of having dental caries experience was higher in rural areas at D3–6MFT (p < 0.05).
CONCLUSION: The findings demonstrate a vast unmet oral health need in the children of SL. Using ICDAS as an epidemiological
tool in a low-income country provides valuable insight to the pattern of oral disease to inform health service planning. Urgent
action is required to address this silent epidemic.
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INTRODUCTION
Sierra Leone (SL) in West Africa has a population of over 7.5 million
people, 42% of whom are aged below 15 years [1]. English is the
official language; however, there are 15 local languages, amongst
which ‘Mende, Temne and Krio’ are widely understood [1].
Only forty-four percent of the population are literate, and the
average life expectancy is 57 years [1, 2]. The country ranks very
low on the ‘human development index’ as 76% of the population
live on less than $2 per day [2]. SL has not only suffered in the
recent Covid-19 pandemic and Ebola epidemic in 2013–16, but
emerged from a long civil war, 1991–2002 [3–7].
SL faces a critical shortage of oral care service delivery as there

is scarcity of resources at all levels. It has only one hospital with a
fully staffed dental clinic and approximately three whole-time
equivalent public sector dentists for the whole country, with an
additional 4–7 dentists working in private sector [8]. SL has a few
dental auxiliaries (dental therapists/assistants/nurses) based in the
capital Freetown [9]. SL also receives occasional visits from

international dentists on short-term projects and organisations
such as ‘Teethsavers International’, which conduct oral health
promotion activities including basic preventive treatment [10]. SL
does not have an approved national oral health strategy and
having no dental training centre in the country, has historically
relied on dentists and other dental personnel trained abroad [9].
There is a dearth of data on the oral health needs of the

population with very few published, or unpublished, studies [11–
14]. The first published study by Abdullah in the mid-1970’s
reported major issues with respect to the organisation and
delivery of dental services [15]. Since then, there have been
several local studies in the districts of Freetown, Bo and Kenema
[11, 12, 14]. Sten Normark, in the 1990s, prior to the civil war
reported the prevalence of dental caries at 65% amongst 15-year-
olds, and over 80% in adults aged 35–44 years, in both urban and
rural areas of Bo and Kenema collectively [11, 12]. Similarly, a
survey based on Freetown suggested a very high caries
prevalence in 6-year-old school children (almost 80%) with mean
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DMFT (Decayed, Missing and Filled Teeth) scores of 7.2 for rural
and 4.8 for urban localities [14]. Furthermore, epidemiological data
on adults suggested the presence of considerable periodontal
problems [11], compared with other African countries [16].
Thus, collectively, the findings of these published studies

suggested considerable levels of dental caries in children
(60–80%) and adults (around 80%) with some evidence of severe
periodontal problems in adults. However, all these studies are
cross sectional, almost three decades old, and mainly conducted
prior to the civil war. Oral health can have a considerable impact
on growth, nutrition, and the overall development of children;
therefore, there is urgent need to explore the current prevalence
of oral diseases, including dental caries and periodontal problems,
in adults and especially children [17–20].
The aim of this research was to explore normative and

perceived oral health needs and oral health behaviours across
key age-groups of children, by type of area and region in SL.

MATERIALS AND METHODS
This oral health survey, involving the three key age-groups of 6-, 12- and
15-year-olds, was carried out in line with agreed epidemiology methodol-
ogies globally [21], and in the United Kingdom (UK) [22, 23]. Ethical
approval from King’s College London Research Ethics Committee (HR-15/
16-1951; RESCMR-16/17-1951); and, thereafter, ‘Sierra Leone Ethics and
Scientific Review Committee’ were obtained prior to conduct of the survey
in 2017.
Considering the low levels of English literacy in SL [1], the research team

worked with an artist, with the support of the research ethics committee,
to develop a very simple information sheet and consent form utilising
‘pictorials’ to help explain the aim of this survey and the methods involved.
The recruitment documents were developed following extensive discus-
sions with local Sierra Leonean dental team members and colleagues with
experience of similar research. The pictorial information sheet integrated
the consent form in a simplified way to confirm participation in the study.
Local support for this study was sought from the former Chief Dental
Officer of SL and members of the ‘Teethsavers International’ group, who
had experience of conducting dental camps at various sites across SL and
were familiar with the schools and local area.

Sampling for the survey
A multi-stage stratified cluster sample was used in line with the WHO
guidelines for pathfinder surveys, this approach being particularly useful in
countries such as SL which have limited data on oral health needs and
where conduct of surveys is constrained by a variety of local factors [21]. SL
consists of four regions comprising a total of 14 districts. Stage one of the
sampling method involved selecting a capital district from each of the four
regions (northern, eastern, southern and western area). Then within each
of the capital cities, one primary and one secondary school were randomly
selected with the aim being to survey at least 50 children in each age-
group per district.
In the next stage, two large towns were randomly selected from the

western (Freetown) and southern regions (Bo), considering practical
feasibility in data collection and comparison with previous studies. In line
with WHO methods [21], two sites were selected from each of the two
large towns with one primary and one secondary school to be surveyed at
each site. Subsequently, for rural populations, one village was randomly
selected from each of the four regions, with one primary and one
secondary school from each site. The WHO recommends sampling at least
25–50 subjects per age-group at each site, depending on the prevalence of
disease (from low to high respectively) [21]. The validity of this sampling
approach was tested and confirmed through experts in epidemiology and
statistics before the survey [21].

Consent and school recruitment process
The Ministry of Education, and the Ministry of Health and Sanitation in SL
were contacted regarding the study, and they provided a list of schools
(primary and secondary) for sampling purposes. For each site, a school was
randomly selected through a computer-generated number. Following
selection of a school, a courtesy call was used to verify the contact details
of the school and establish an initial contact. If there was no contact
established due to incorrect contact details from the list provided by the

Ministry, a replacement school was randomly selected, again through a
computer-generated number.
At the initial contact, by phone, the school head teachers were provided

information regarding the study and an estimated time of visit. All the
schools contacted by the research team accepted the invitation and
agreed to take part in the survey on the scheduled date, except for one
which wanted to schedule the survey on a different date.
The ‘information-consent form’ was sent at least one day in advance to

the schools that agreed to participate. This was delivered by an advance
party of the survey team. The head teachers at each school assisted in
distribution of these information-consent forms to parents/guardians of
children across all three age-groups.
For the 6-year-olds, written consent was sought from their parents prior

to conduct of survey along with verbal consent of children on the day of
the survey. For 12- and 15-year-olds, their parents were informed about the
study and had the opportunity to withdraw their children (negative
consent). On the day of the survey verbal and written consent were sought
from the 12- and 15-year-old children personally. This approach of
obtaining student consent was drawn from the protocol of the 2013
Children’s Dental Health Survey (CDHS) in the UK [22].

Epidemiological tools
The diagnostic criteria for this survey were drawn from the UK national
surveys (CDHS) [22, 23] for children examination using the ‘International Caries
Detection and Assessment System (ICDAS)’ [24]. ICDAS is “a standardised
system to inform decisions about appropriate diagnosis, prognosis, and
clinical management of dental caries at both the individual and public health
levels”, which takes account of the severity of dental caries [24]. Coding for
dental caries was as follows: (D2) represents a distinct visual change in enamel;
(D3) was localised enamel breakdown; (D4) represents dentinal shadowing; (D5)
was distinct cavity with visible dentine; and (D6) extensive cavity within visible
dentine [24]. Along with using ICDAS, the survey also explored the prevalence
of untreated caries, trauma, and periodontal health.

Training and calibration
The training and calibration exercises for the single examiner (SG), a
doctoral student, were carried out in the UK in two stages. First, the student
completed an online training exercise in dental caries and subsequently,
attended a calibration session in one London school with a sample of 15
children. Second, following further training, an additional calibration
session was conducted by an ICDAS gold standard examiner, using 191
printed clinical images, to assess inter-and intra-examiner reliability. The
kappa scores for inter- and intra-examiner reliability were above 0.61.

Questionnaire survey
To explore perceived oral health among children, a self-completion
questionnaire survey was used. The instrument was drawn from national
surveys within the UK and WHO methodology [21, 22, 25], and adapted for
use in the local setting of SL. Having checked face validity with the dental
team in-country, the questionnaire was initially piloted on a sample of
children (n= 10) in the capital city of Freetown where King’s Health
Partners (KHP) has a local team. The survey took no more than 15min and
was presented prior to the dental examination to maximise response [22].
The instrument covered the following topics:

● Self-rated dental and general health, including dental problems
● Satisfaction with appearance of teeth
● Impact of dental health on oral functioning
● Tooth brushing behaviour
● Visits to the dentist
● Barriers to attending for dental examinations
● Daily frequency of consumption of some food and drink categories
● Smoking and drinking behaviour.

Survey process
On the day of the survey, the research team met with the school leaders
and outlined the survey. Following this an oral health survey camp was set-
up in the school environment. All children in the selected age-groups from
each school were invited to participate. The school authorities assisted
with running the survey and ensuring children presented in their relevant
age-group and had provided consent. Children were briefed about the
survey by the SL team in their local language (mainly Mende, Temne and
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Krio) and provided with an opportunity to clarify any issues or ask
questions. The 12- and 15-year-old children, self-completed a question-
naire before undergoing the oral examination to minimise bias. For 6-year-
old children, parents completed the questionnaire on behalf of their
children when they visited the school site.

Oral examination
All oral examinations were carried out in line with the survey protocol
using the same portable chair under a standardised light source (under
natural light). The survey was conducted over a six-week period in
May–June 2017. The instruments used for the oral examination were
single-use disposable plain mouth mirrors, whilst cotton wool rolls were
used to remove debris and moisture, where necessary. All the clinical
examinations were carried out by the same examiner (SG), supported by a
local SL team member who recorded the findings on paper.

Infection control
The examiner conducted oral examinations wearing Personal Protection
Equipment (PPE) consisting of full body gown, gloves, face mask and a face
visor in line with infection control practice at the main dental clinic at
Connaught hospital in Freetown. This was in line with WHO [26], and the
Centres for disease control and prevention (CDC) guidelines [27], which
were in place during the Ebola virus disease outbreak between 2013 and
2016. Although during the conduct of the survey in 2017, SL was declared
Ebola free [28], the research team continued to follow the guidelines for
the safety of the researcher and the participants.

Treatment referral
All the participating children who required basic dental treatment were
assisted by the ‘Teethsavers International’ team. Routine extractions, where
required, were undertaken by the dental team under the supervision of the
lead dentist of Connaught hospital (former Chief Dental Officer of SL) who
was part of this survey team. All children requiring moderate to advanced
interventions received information on options of care available at
Connaught hospital (Freetown) and other healthcare services in SL.

Data entry and analysis
Data entry onto computer was carried out for both clinical and
questionnaire data using EXCEL spreadsheets [29]. The data were cleaned,
and a 20% sample was randomly selected to check for any inputting errors.

Weighting the data
The data were weighted with respect to ‘age’ and ‘regional population’,
according to the 2015 census data for SL [1]. The weighting was applied to
the dataset used is both STATA and SPSS before conducting the analyses.

Descriptive analyses
Following data cleaning, data were imported into STATA v.15 [30] and SPSS
v.22 [31]. Descriptive analysis was carried out to report the characteristics
of the sample such as age, gender, and the regional distribution of children
in this study. To classify children according to urban and rural areas, the

data from the SL census 2015 were used to inform the classification as
advised by the Statistics SL team [1].
Proportions were also calculated for prevalence of dental caries at both

tooth and surface level in both primary and permanent dentition, plaque,
calculus, PUFA index, pain in mouth, trauma to teeth, and fluorosis along
with items from the questionnaire survey. In addition, the mean number of
teeth with decay (at different level of dental caries as per ICDAS coding),
and missing teeth were also calculated.

Univariate and bivariate analyses
To summarise and identify disease patterns, different levels of decay were
examined by age, gender and region, a combination of univariate and
bivariate analyses was used. A dmft/DMFT score was calculated for each
child according to ICDAS decay codes from D2 to D6.
Thereafter, dmft/DMFT score was tested using chi-square test with

independent variables such as age, gender, and region. These tests were
carried out at each threshold level (from D2 to D6) and combining them for
different ICDAS caries thresholds (D2 and above; D3 and above, etc.) to
enable dental caries patterns to be examined in detail. All the p-values
reported are not adjusted for multiple testing; and, hence, this should be
considered when interpreting the results.

Multivariate analyses
For multivariate analyses, items which were found to be statistically
significant in univariate and bivariate analyses were incorporated into a
logistic regression model. In this model dental caries experience (DMFT)
was the dependent variable with independent variables such as age, sex,
region, area, behavioural and quality-of-life-related items from the
questionnaire. Variables which were not significant at the 10% level in
bivariate analysis, were excluded. The two logistic models involved using
the ‘type of area’ and ‘region’ variables separately. Model 1 included all
significant variables with ‘Type of area’ and Model 2 included all significant
variables with ‘region’.

RESULTS
Survey participants: schools and schoolchildren
Out of the 22 participating schools, 13 were government, or
government-aided; six were run by religious missionary groups;
two were community supported schools; and one was privately
owned. No head teacher declined to participate.
Out of the 1650 children approached across all four regions of

SL, 71% (n= 1174) consented to be examined. As shown in
Table 1, the majority were female (52%), and from an urban area
(59%). The school environment appeared similar in nature across
the four regions and by type of school (public, private, mission,
community).

Dental caries experience in school children
Table 2 presents dental caries experience (dmft /DMFT) by age,
sex, area and region for both deciduous and permanent

Table 1. Sierra Leone National Child Oral Health Survey participants, 2017 (n= 1,174).

Factors Categories 6-year-olds % (n) 12-year-olds % (n) 15-year-olds % (n) Total

All Children Total 37% (431) 22% (253) 42% (490) 100% (1,174)

Sex Male 51% (220) 45% (114) 46% (224) 48% (558)

Female 49% (211) 55% (139) 54% (266) 52% (616)

Type of Area Rural 41% (176) 46% (115) 38% (187) 41% (478)

Urban 59% (255) 55% (138) 62% (303) 59% (696)

Region Western 31% (133) 40% (101) 33% (161) 34% (395)

Southern 29% (123) 32% (82) 29% (143) 30% (348)

Eastern 20% (85) 14% (36) 23% (112) 20% (233)

Northern 21% (90) 13% (34) 15% (74) 17% (198)

Schoolchildren from 22 schools in SL.
Bold values emphasize the total numbers.
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dentitions. The most dramatic finding was the absence of any
filled teeth amongst the children examined. Most dental caries
was untreated; a small minority (2–6%) had missing teeth.
Dental caries was common in the primary dentition of 6-year-

olds; 84% of children presenting with clinical decay (D2 and
above). Children in the eastern region had a significantly higher
dental caries experience score (p= 0.01) across all ICDAS caries
thresholds, except at d6mft.
There was a clear trend by age in dental caries experience in the

permanent dentitions of schoolchildren at all decay thresholds of
ICDAS and was found to be highly significant (p= 0.01) at all four
decay thresholds as shown (Table 2).
At regional level, the mean number of teeth with dental caries

experience (dmft/DMFT) in all three age-groups was highest in the
eastern region, followed by north, south and west respectively, at
all decay thresholds of ICDAS (p= 0.01). The proportion of
children with missing teeth was higher in the western region
(includes the capital Freetown), but not significantly so.

Other dental conditions
Table 3 presents the findings in relation to pain and PUFA lesions
(Pulp, Ulceration, Fistula, Abscess) amongst children in the three
key age-groups. One in eight 6-year-olds reported dental pain and
approximately 1 in 10 children overall.
The proportion of children at all age-groups with one or more

PUFA lesions was in the region of 7–8%. All the PUFA lesions seen
in children were of pulpal origin except one child each in the
6-and 12-year-old groups who had an abscess present.
Gingival health appeared normal for over 90% of all children

(n= 1174); however, over 80% of all children had visible plaque
(n= 1174) and over 70% of 12- and 16-year-olds had calculus
present.
Dental trauma affected 0.5–2% of children, and mottling/

fluorosis was very low with approximately 1% of all children
affected.

Health and oral health related quality of life
Self-reported data from the pupil questionnaire in Table 4 suggest
that while many report their general and oral health as being
good, 22% of 12-year-olds and 18% of 15-year-olds reported their
dental health as ‘poor or ‘very poor’. Whilst general health was
rated worse than oral health in both age-groups, the difference
was not statistically significant.
The most reported condition, by 27% of 12- (n= 67) and 15-

(n= 122) year olds, was having a sensitive tooth, followed by
toothache, and bleeding or swollen gums. Only a minority
reported not having experienced any dental problems in the
previous three months (17% 12-year-olds; 14% 15-year-olds).

Oral health behaviours (12 and 15-year-olds)
Most 12- (66%) and 15-year-olds (73%) reported ‘never having
been to a dentist’, with only 8% having attended a check-up in
both age-groups (Table 5). Attendance amongst 6-year-olds
was lower, with only 3% (n= 8) of parents reporting their child
had ever visited a dentist, and then only when they had a
problem.

In relation to diet, 22% of both 12-year (n= 55) and 15-year-
olds (n= 100) reported having fizzy drinks four times a day or
more, with 42% and 45% of 12-and 15-year-olds respectively
having a fizzy drink at least once a day. Similarly, approximately
13% and 8% of both 12-and 15-year-olds reported having sweets
four times a day or more; and almost one third of 12-year-olds and
40% of 15-year-olds reporting having them at least once a day.
Most children at both 12- (95%) and 15-years (96%) reported

brushing their teeth once a day, or more, with 26% and 32%
respectively brushing twice a day. A majority of 12- (82%) and 15-
year-olds (90%) reported using a toothbrush and toothpaste, with
the remainder using other products such as toothpicks, thread
and charcoal. Similarly, most parents of 6-year-olds also reported
that their children used toothbrush (98%) and toothpaste (96%).
There was some evidence of tobacco and alcohol use by older
children.

Predictors of dental caries experience in children
The logistic regression model included age, sex, type of area and
region as predictor variables, whereas items from the question-
naire were excluded. As expected, the odds of dental caries
experience significantly increased by age (p < 0.01) at all ICDAS
thresholds; however, there was no significant difference by sex
(Table 6). ‘Region’ (p < 0.01) was a significant predictor of dental
caries experience across all thresholds, and ‘urban/rural’ area was
only significant at D3-6MFT, with rural areas having higher caries
experience.

DISCUSSION
This study was the first to explore oral health at a national level in
SL and helped to provide baseline data on dental caries
experience in school children along with their periodontal health,
self-reported oral health problems and oral hygiene behaviours.
Most schoolchildren examined had clinical decay, with almost a
quarter of children having extensive dental decay in tooth which
eventually could result in tooth loss. Almost one out of 10 of all
children reported pain and surprisingly no teeth with any sort of
dental restorations were seen in this survey.

Dental caries experience
A stark finding from this study was that most children had
untreated dental caries. Only a minority (between 10% and 17%)
were found to have no dental caries across the three age-groups
examined. This is in contrast with epidemiological evidence from
the African region where levels of dental caries were traditionally
reported as low compared with the global average [32–34].
The findings may be compared with the 2013 UK CDHS which

used a comparable approach [23, 35, 36]. The 2013 CDHS reported
that 34% of 12-year-olds and 46% of 15-year-olds had obvious
decay experience (D4-6MFT) [23, 35, 36], whereas in SL it was
slightly higher at 40% and 53% respectively. Younger children
were not directly comparable by age with 31% of 5-year-olds in
the UK [23, 35, 36] and 51% 6-year-olds in SL having obvious decay
experience in their primary dentition, nonetheless, suggesting
caries levels were higher in SL.

Table 3. Prevalence of pain in teeth and PUFA lesions seen in school children in SL, 2017 (n= 1174).

Age (yrs.) Cases (n) Pain reported PUFA (Pulp, Ulceration, Fistula, Abscess)

No Yes Prevalence No lesions Single lesion 2 or more lesions

6 431 88.4% (n= 381) 11.6% (n= 50) 7% (n= 30) 93% (n= 401) 4.4% (n= 18) 2.5% (n= 12)

12 253 92.5% (n= 234) 7.5% (n= 19) 7% (n= 18) 92.8% (n= 235) 6.3% (n= 16) 0.7% (n= 2)

15 490 90.8% (n= 445) 9.8% (n= 45) 8% (n= 38) 92.2% (n= 452) 5.1% (n= 25) 2.6% (n= 13)

All PUFA lesions in 6-year-olds were seen related to their primary teeth.
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A very notable finding from the survey was the absence of any
filled teeth amongst the children examined. Only a minority of
children across all three age-groups had missing teeth which
reflects that most dental caries was untreated. This fact is
substantiated by the findings from the qualitative study in which
SL dental professionals expressed their concern regarding
people’s choice in which they rarely prefer restorative treatment

and but favour urgent treatment care such as extractions which
are cheaper than restorations [37]. However, the preference for
extraction of teeth could also be related to the fact that people
attend dental services mainly for urgent care, in desperation
because other approaches have failed, and their condition may be
life-threatening. There is similar evidence from sub-Saharan Africa
(Tanzania) that uptake of restorative treatment (mainly fillings) is

Table 4. Descriptive findings for health and oral health related quality of life from pupil questionnaire for 12- and 15-year-olds.

Questionnaire themes Categories Sub-categories 12-year-olds %
(n)

15-year-olds %
(n)

Health related quality of life (HrQOL) Overall general health Very good/good 59% (130) 62% (253)

Fair 17% (37) 16% (102)

Very poor/poor 24% (52) 22% (139)

Oral health related quality of life
(OHrQOL)

Overall dental health Very good/good 66% (145) 67% (275)

Fair 12% (26) 15% (92)

Very poor/poor 22% (49) 18% (113)

Dental problems in last
3 months

Sensitivity 27% (67) 27% (122)

Toothache 19% (47) 22% (97)

Bleeding/Swollen gums 16% (40) 18% (81)

Broken tooth 5% (12) 8% (37)

Ulcers 9% (23) 6% (29)

Bad breath 6% (15) 5% (21)

None 17%(43) 14% (64)

Teeth aesthetics/appearance Very satisfied/satisfied 62% (154) 67% (304)

Neutral 14% (35) 14% (64)

Very dissatisfied/
dissatisfied

9% (52) 17% (75)

Difficulty in eating Not at all 49% (120) 53% (241)

A little 30% (73) 25% (112)

A lot/a fair amount 21% (51) 21% (94)

Difficulty in speaking Not at all 67% (166) 60% (277)

A little 18% (45) 20% (88)

A lot/a fair amount 13% (31) 18% (81)

Difficulty in cleaning teeth Not at all 57% (141) 63% (262)

A little 22% (54) 26% (117)

A lot/a fair amount 19% (46) 16% (70)

Difficulty in relaxing/
sleeping

Not at all 69% (171) 62% (280)

A little 13% (33) 19% (85)

A lot/a fair amount 15% (36) 80 (18%)

Oral health related quality of life
(OHrQOL) Contd.

Felt upset/Irritated Not at all 57% (140) 278 (62%)

A little 24% (59) 97 (22%)

A lot/a fair amount 16% (39) 14% (63)

Difficulty in smiling Not at all 62% (152) 66% (298)

A little 21% (52) 21% (93)

A lot/a fair amount 15% (36) 12% (56)

Difficulty in completing
school work

Not at all 68% (168) 61% (287)

A little 14% (34) 22% (99)

A lot/a fair amount 15% (36) 14% (62)

Difficulty enjoying being
with people

Not at all 63% (155) 67% (302)

A little 15% (38) 20% (88)

A lot/a fair amount 17% (42) 13% (57)

Condition of teeth affected
everyday life

Not at all 56% (139) 63% (286)

A little 30% (73) 26% (118)

A lot/a fair amount 12% (29) 8% (43)
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very low, and patients’ preference is for tooth extraction [38, 39].
Absence of restorations may also be attributed to the fact that
most dental professionals are based in the capital city of Freetown
and therefore, access to restorative treatment is not feasible.
Additionally, as highlighted in our earlier research [37], people’s
previous traumatic dental experiences may inhibit them accessing
dental care.

Regional difference in caries experience
The findings from the study also suggest that the prevalence of
dental caries experience was higher in the eastern region of SL. It
is difficult to formulate a hypothesis as no significant difference
was reported with respect to diet or oral hygiene behaviours by
region. The role of dietary sugar is well documented in literature

[40–43]; however, field notes suggest that the availability of free
sugars in the school environment was similar where the school
lunch table looked more like a cariogenic a ‘tuck shop’. The
protective effect of fluoride in caries prevention is known and
whilst data from an old SL study [12], highlight low levels of
fluoride in the eastern region; however, it wasn’t exclusive just for
that region. Most of the population in SL is economically poor and
socio-economic indicators across all four regions are fairly similar
[1]. However, the Eastern region is remote, mostly hilly, and
isolated compared to other three regions of SL. Also, there is
possibility that there could be some other region-specific
characteristics which were not spotted during the fieldwork. For
instance, an ad-hoc study in 1995 conducted in a remote village in
the Eastern region suggested that consumption of bush fruit

Table 5. Self-reported oral health and oral health behaviours of school children in SL.

Questionnaire themes Categories Sub-categories 12-year-olds 15-year-olds

Access to care Visit to a dentist Never been to a dentist 66% (163) 73% (327)

Go only when I have trouble with teeth 19% (46) 17% (78)

Went for check up 8% (19) 8% (38)

Oral hygiene Brushing frequency =1 time a day 33% (82) 32% (145)

=2 times a day 26% (64) 32% (142)

=3 times a day 23% (56) 17% (77)

>3 times a day 13% (33) 15% (67)

<1 time a day OR Never 2% (7) 4% (16)

Brushing tool Toothbrush 82% (202) 90% (365)

Toothpick 8% (19) 2% (11)

Thread 2% (6) 2% (7)

Charcoal 2% (5) 2% (9)

Other 3% (8) 3% (14)

Use of toothpaste Yes 90% (222) 87% (353)

No 8% (20) 11% (52)

Diet Sweets (e.g. chocolates) = 4 times or more a day 13% (32) 8% (36)

≤3 to 2 times a day 23% (57) 24% (110)

≤1time a day 30% (73) 37% (168)

Cakes or biscuits =4 times or more a day 15% (37) 11% (51)

≤3 to 2 times a day 34% (83) 38% (169)

≤1 time a day 26% (64) 28% (118)

Fruits =4 times or more a day 28% (69) 23% (105)

≤3 to 2 times a day 46% (113) 39% (222)

≤1 time a day 16% (39) 23% (102)

Fizzy drinks =4 times or more a day 22% (55) 22% (100)

≤3 to 2 times a day 15% (36) 19% (84)

≤1 time a day 42% (103) 45% (204)

Fruit juice =4 times or more a day 11% (26) 10% (43)

≤3 to 2 times a day 27% (67) 25% (114)

≤1 time a day 32% (79) 37% (167)

Water =4 times or more a day 67% (165) 65% (292)

≤3 to 2 times a day 9% (22) 12% (55)

≤1 time a day 8% (19) 5% (18)

Other risk behaviours Smoking Never 80% (197) 90% (403)

Tried sometimes 14% (34) 7% (34)

Occasionally or Regularly 2% (5) 2% (8)

Alcohol Never 77% (189) 85% (381)

Tried sometimes 14% (34) 12% (54)

Occasionally or Regularly 6% (16) 3% (12)
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which was high in fructose content could be a potential factor for
dental caries [44]. However, all these findings from ad-hoc studies
in SL along with the anecdotal evidence should be interpreted
with caution as they may not necessarily be representative of that
region.

Oral health behaviour
The questionnaire findings suggested that most children
report using a toothpaste and toothbrush at least once a day.
The clinical examination, however, revealed a high prevalence
of visible plaque and calculus in SL school children. These
findings are strikingly similar to the study conducted by
Normark in SL in 1991 [11]. Normark reported that 95% (n=
128) of 15-year-olds reported brushing teeth using a toothbrush
and toothpaste at least once a day or more, which compares
with 96% (n= 390) of 15-year-olds currently. Similarly, the
presence of visible plaque was reported in 92% of 15-year-olds
in 1991 compared with 95% currently. Whereas almost 90% of 15-
year-olds in 1991 were reported to have supragingival (visible)
calculus and it was slighlty lower at 85% in the current study.
Similar results have been reported from studies in LICs such as
Tanzania and Ghana wherein children who brushed daily still had
a considerable amount of plaque [45, 46]. Observationally, the
availability of toothbrushes and toothpaste within SL appears
to vary and they are less apparent outside the capital districts of
each region.
In relation to diet, almost 4 out of 10 children reported

consuming sweets and fizzy drinks at least once a day. Similar
findings were reported by Normark with almost 37% of 15-year-
olds reporting consuming sweets at least once a day [11].
Furthermore, in both studies there was no significant difference
between urban and rural areas. Interestingly SL children reported
consuming slightly higher levels of sugary drinks (22% for both)
compared with their counterparts in the UK (16%; 14%) at 12- and
15-years of age respectively.
There are concerns amongst health professionals that post-civil

war availability of cheap sugar is evident [37]. This is in line with
the view that the shift in prevalence of dental caries could be
associated with the geo-political race globally wherein high-
income countries are seen actively involved with LICs to have
economic control, which in turn opens up markets for leading
companies offering tobacco, alcohol, sugary and high fat-
saturated products at very cheap prices [47].
Furthermore, a range of potential factors could have influenced

the self-reported behaviours which is difficult to establish.
Consideration should be given to the fact that these children
responded to the questionnaire in a school setting and therefore,
the influence of peers or teachers could result in a potential bias.
These children are not used to completing questionnaires or
answering dental questions, thus, although studying in English,
language could have been a potential issue which affected
participating children.

Dental caries thresholds
The advantage of the ICDAS epidemiological tool, now termed as
“International Caries Classification and Management System
(ICCMS)”, is that it facilitates comparison across past surveys
which have used WHO methodology [48–50], and allows dental
caries patterns to be profiled. However, this highlights the
importance of determining a caries threshold for comparison
of data.
Figure 1 demonstrates this challenge when we compare

findings from our study with past surveys which have been
conducted in SL. It presents mean DMFT scores for 12-year-olds
from cross sectional local studies since 1986 and compares them
with our latest study. There is, however, insufficient data from past
research to be clear about the caries threshold utilised. Thus,
depending on the threshold selected, the mean caries experienceTa
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for 12-year-olds from this study either increases or decreases
when compared to past surveys. For example, if we consider D3
threshold, the mean caries experience of the current cohort of 12-
year-olds in SL is higher than that reported in 2003.
Several studies have addressed this issue of determining the

caries threshold for comparison [51–53]. Whilst some may argue
that the D3 threshold has been deemed most suitable; however,
others take contrasting views [54]; hence, the desire of the authors
to present the full caries profile for each age-group. Furthermore,
caries patterns have changed over the last five to six decades [55–
57], and we suggest that developments in epidemiological tools
are needed to monitor the caries process more accurately and
include early caries, whilst distinguishing it from obvious and
extensive decay. This study, therefore, highlights this issue and the
importance of identifying the caries threshold for comparing data
universally.

Strengths and limitations
The fieldwork for the oral health survey was a challenge
considering the logistic issues in SL. However, advanced careful
planning and partnership enabled the fieldwork to be carried out
as intended. As participation in the survey involved children and
parents, gaining appropriate informed consent was crucial. This
was achieved by using a basic information sheet with pictures to
explain about the survey, given that many will never have been
examined by a dentist. In addition, the local SL team was fluent in
all local SL languages and assisted when informing participants
about the study.
Although the standard of English across all schools in SL was

not uniform, it was sufficient as it is the medium of delivering
teaching; hence, the decision to conduct the questionnaire survey
in English. Children, parents, and teachers were provided with a
supplemental verbal translation by the local SL team. As there
were limited current data on schoolchildren, using the WHO basic
pathfinder sampling method [21], was deemed appropriate for
determining baseline oral needs. In addition, the study was unique
in demonstrating the potential to use the ICCMS epidemiological
tool in a low-resource setting which has enabled oral health
workforce requirements to be estimated and published [58]. This
is particularly important as urgent action is needed to develop
dental workforce and strengthen the fragile dental system in line
with WHO guidance on Oral health, Health workforce develop-
ment and Universal Health Coverage (UHC) working in partnership
with other agencies [59–62], and delivering ‘Optimal Oral Health
for All’ [63].

CONCLUSION
In summary, our findings demonstrate that using ICCMS (formerly
ICDAS) as an epidemiological tool in a low-income country
provides valuable insight to the pattern of oral disease to inform
health service planning and reveals stark oral and dental needs in
SL. Given the granularity of this epidemiological data, they have
provided a sound foundation to model future workforce options
which are currently under consideration in SL. Urgent action is
required to address this silent epidemic.
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